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RELAXIN IMMUNOGLOBULIN FUSION
PROTEINS AND METHODS OF USE

CROSS-REFERENCE

This application is a continuation of U.S. patent applica-
tion Ser. No. 16/060,384, filed Jun. 7, 2018, which is a U.S.
National Stage entry of International Application No. PCT/
US2016/065779, filed Dec. 9, 2016; which claims the ben-
efit of U.S. Provisional Application No. 62/265,344, filed
Dec. 9, 2015, each of which are incorporated by reference
herein in their entirety.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted in ASCII format via EFS-Web and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Aug. 26, 2021, is named 41135-756-301-
SEQ.txt and is 92.4 KB in size.

BACKGROUND OF THE INVENTION

Relaxin is expressed mainly in the corpus luteum, in both
pregnant and non-pregnant females, rising to a peak within
approximately 14 days of ovulation, and then declining in
the absence of pregnancy, resulting in menstruation. During
the first trimester of pregnancy, levels rise and additional
relaxin is produced by the decidua. Relaxin expression
peaks during the 14 weeks of the first trimester and at
delivery. It is known to mediate the hemodynamic changes
that occur during pregnancy, such as increased cardiac
output, increased renal blood flow, and increased arterial
compliance. It also relaxes other pelvic ligaments and soft-
ens the pubic symphysis. In males, relaxin enhances motility
of sperm in semen.

Outside the reproductive system, relaxin affects collagen
metabolism, inhibiting collagen synthesis and enhancing its
breakdown by increasing matrix metalloproteinases.
Relaxin also enhances angiogenesis and is a potent renal
vasodilator.

Relaxin interacts with the relaxin receptor LGR7
(RXFP1) and LGRS (RXFP2), which belong to the G
protein-coupled receptor superfamily. Relaxin receptors
have been found in the heart, smooth muscle, the connective
tissue, and central and autonomous nervous system.

SUMMARY OF THE INVENTION

Disclosed herein are relaxin immunoglobulin fusion pro-
teins and methods of using the same for the treatment of
various diseases and conditions. The disease or condition
may be acute, for example, acute heart failure, acute coro-
nary syndrome with cardiac dysfunction, ischemia reperfu-
sion associated with solid organ transplantation, cardiopul-
monary bypass, ischemic stroke, or preeclampsia. The
disease or condition may be chronic, for example, diffuse
scleroderma, chronic heart failure, diabetic nephropathy,
cirrhosis, portal hypertension, atrial fibrillation, cardiac
fibrosis, and diabetic wound healing. The methods and
compositions may also be used to improve the delivery of a
relaxin peptide to target cells, tissues, or tumors.

In one aspect, provided herein are compositions compris-
ing: (a) relaxin therapeutic peptide comprising a relaxin B
chain connected via a peptide linker to a relaxin A chain; and
(b) an antibody variable domain comprising SEQ ID NO:
75: SMITX(1)X(2)X(3)FDV, wherein X(1) is selected from

15
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30
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2

F, A, G, and P; X(2) is selected from G, A, S, T, and P; and
X(3) is selected from G, A, V, L, and P; and wherein the
relaxin therapeutic peptide is connected to the amino-termi-
nus of the antibody variable domain with a connecting
peptide. In some embodiments, the antibody variable
domain is modified from a heavy chain variable domain of
a palivizumab antibody comprising SEQ ID NO: 74, and the
composition exhibits reduced binding to RSV-F as com-
pared to the palivizumab antibody. In some embodiments,
X(1) is F. In some embodiments, X(1) is A. In some
embodiments, X(1) is G. In some embodiments, X(1) is P. In
some embodiments, X(2) is G. In some embodiments, X(2)
is A. In some embodiments, X(2) is S. In some embodi-
ments, X(2) is T. In some embodiments, X(2) is P. In some
embodiments, X(3) is G. In some embodiments, X(3) is A.
In some embodiments, X(3) is V. In some embodiments,
X(@3) is L. In some embodiments, X(3) is P. In some
embodiments, the antibody variable domain further com-
prises one or more of SEQ ID NOS: 72 and 73. In some
embodiments, the composition further comprises an anti-
body sequence comprising one or more of SEQ ID NOS: 89
or 90. In some embodiments, the composition further com-
prises an antibody sequence comprising SEQ ID NO: 92
(FQX(4)X(5)GYPFT), wherein X(4) is selected from G, Y,
F, W, P, L, V, and A; and X(5) is selected from S, N, G, A,
V, L, and P. In some embodiments X(4) is G. In some
embodiments X(4) is Y. In some embodiments X(4) is F. In
some embodiments X(4) is W. In some embodiments X(4)
is P. In some embodiments X(4) is L. In some embodiments
X(4) is V. In some embodiments X(4) is A. In some
embodiments, X(5) is S. In some embodiments, X(5) is N.
In some embodiments, X(5) is G. In some embodiments,
X(5) is A. In some embodiments, X(5) is V. In some
embodiments, X(5) is L. In some embodiments, X(5) is P. In
some embodiments, X(4) is Y and X(5) is S. In some
embodiments, X(4) is G and X(5) is N. In some embodi-
ments, the relaxin B chain comprises an amino acid
sequence of SEQ ID NO: 46. In some embodiments, the
relaxin A chain comprises an amino acid sequence of SEQ
ID NO: 47. In some embodiments, the peptide linker com-
prises at least about 4 consecutive amino acids comprising
any combination of G and S amino acids. In some embodi-
ments, the connecting peptide comprises at least about 4
consecutive amino acids comprising any combination of G
and S amino acids. In some embodiments, the composition
further comprises an Fc region of an antibody and the Fc
region comprises one or more mutations to reduce antibody-
dependent cellular cytotoxicity. In some embodiments, the
Fc region comprises an amino acid sequence at least about
90% identical to SEQ ID NO: 98.

In one aspect, provided herein are compositions compris-
ing: (a) relaxin therapeutic peptide comprising a relaxin B
chain connected via a peptide linker to a relaxin A chain; and
(b) an antibody variable domain comprising a modified
heavy chain variable domain of a palivizumab antibody
comprising SEQ ID NO: 74 having reduced binding to
RSV-F as compared to the palivizumab antibody; wherein
the relaxin therapeutic peptide is connected to the amino-
terminus of the antibody variable domain with a connecting
peptide. In some embodiments, the antibody variable
domain comprises SEQ ID NO: 75: SMITX(1)X(2)X(3)
FDV, wherein X(1) is selected from F, A, G, and P; X(2) is
selected from G, A, S, T, and P; and X(3) is selected from
G, A, V, L, and P. In some embodiments, X(1) is F. In some
embodiments, X(1) is A. In some embodiments, X(1) is G.
In some embodiments, X(1) is P. In some embodiments,
X(2) is G. In some embodiments, X(2) is A. In some
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embodiments, X(2) is S. In some embodiments, X(2) is T. In
some embodiments, X(2) is P. In some embodiments, X(3)
is G. In some embodiments, X(3) is A. In some embodi-
ments, X(3) is V. In some embodiments, X(3) is L. In some
embodiments, X(3) is P. In some embodiments, the antibody
variable domain further comprises one or more of SEQ ID
NOS: 72 and 73. In some embodiments, the composition
further comprises an antibody sequence comprising one or
more of SEQ ID NOS: 89 or 90. In some embodiments, the
composition further comprises an antibody sequence com-
prising SEQ ID NO: 92 (FQX(4)X(5)GYPFT), wherein
X(4) is selected from G, Y, F, W, P, L, V, and A; and X(5)
is selected from S, N, G, A, V, L, and P. In some embodi-
ments, X(4) is Y and X(5) is S. In some embodiments X(4)
is Y. In some embodiments X(4) is F. In some embodiments
X(4) is W. In some embodiments X(4) is P. In some
embodiments X(4) is L. In some embodiments X(4) is V. In
some embodiments X(4) is A. In some embodiments, X(5)
is S. In some embodiments, X(5) is N. In some embodi-
ments, X(5) is G. In some embodiments, X(5) is A. In some
embodiments, X(5) is V. In some embodiments, X(5) is L.
In some embodiments, X(5) is P. In some embodiments,
X(4) is G and X(5) is N. In some embodiments, the relaxin
B chain comprises an amino acid sequence of SEQ ID NO:
46. In some embodiments, the relaxin A chain comprises an
amino acid sequence of SEQ ID NO: 47. In some embodi-
ments, the peptide linker comprises at least about 4 con-
secutive amino acids comprising any combination of G and
S amino acids. In some embodiments, the connecting pep-
tide comprises at least about 4 consecutive amino acids
comprising any combination of G and S amino acids. In
some embodiments, the composition further comprises an
Fc region of an antibody and the Fc region comprises one or
more mutations to reduce antibody-dependent cellular cyto-
toxicity. In some embodiments, the Fc region comprises an
amino acid sequence at least about 90% identical to SEQ ID
NO: 98.

In another aspect, provided herein are methods of treating
a disease or condition in an individual in need thereof. In
some embodiments, the method comprises administering to
the individual a composition comprising a relaxin therapeu-
tic peptide; wherein the composition is intravenously or
subcutaneously administered in less than or equal to 6 hours.
In some embodiments, the composition is administered in
less than or equal to 4, 3, 2 or 1 hours. In some embodiments,
the composition is administered during a treatment period of
about one day to about 1 week. In some embodiments, the
composition is administered about 1, 2, 3, 4, 5, 6 or 7 times.
In some embodiments, the disease or condition is selected
from acute heart failure, acute coronary syndrome with
cardiac dysfunction, ischemia reperfusion associated with
solid organ transplantation, cardiopulmonary bypass, isch-
emic stroke, or preeclampsia. In some embodiments, the
disease or condition is solid organ transplantation and the
organ is selected from the lung, kidney, liver and heart. In
some embodiments, the composition is administered during
a treatment period lasting at least about one week. In some
embodiments, the composition is administered twice per
week, once per week, four times per month, three times per
month, twice per month, once per month, or once per every
two months. In some embodiments, the disease or condition
is selected from diffuse scleroderma, chronic heart failure,
diabetic nephropathy, cirrhosis, portal hypertension, atrial
fibrillation, cardiac fibrosis, and diabetic wound healing.

In another aspect, provided herein are methods of treating
a disease or condition in an individual in need thereof. In
some embodiments, the method comprises administering to
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the individual a composition comprising a relaxin therapeu-
tic peptide; wherein the composition is administered to the
eye. In some embodiments, the composition is administered
in a liquid solution or suspension. In some embodiments, the
composition comprises a relaxin therapeutic peptide con-
nected to an amino-terminus of an antibody variable domain
via a connecting peptide. In some embodiments, the relaxin
polypeptide comprises a relaxin B chain and a relaxin A
chain connected by a peptide linker. In some embodiments,
the relaxin polypeptide comprises (a) relaxin therapeutic
peptide comprising a relaxin B chain connected via a peptide
linker to a relaxin A chain; and (b) an antibody variable
domain comprising SEQ ID NO: 75: SMITX(1)X(2)X(3)
FDV, wherein X(1) is selected from F, A, G, and P; X(2) is
selected from G, A, S, T, and P; and X(3) is selected from
G, A, V, L, and P; and wherein the relaxin therapeutic
peptide is connected to the amino-terminus of the antibody
variable domain with a connecting peptide. In some embodi-
ments, the antibody variable domain is modified from a
heavy chain variable domain of a palivizumab antibody
comprising SEQ ID NO: 74, and the composition exhibits
reduced binding to RSV-F as compared to the palivizumab
antibody. In some embodiments, X(1) is F. In some embodi-
ments, X(1) is A. In some embodiments, X(1) is G. In some
embodiments, X(1) is P. In some embodiments, X(2)is G. In
some embodiments, X(2) is A. In some embodiments, X(2)
is S. In some embodiments, X(2) is T. In some embodiments,
X(2) is P. In some embodiments, X(3) is G. In some
embodiments, X(3) is A. In some embodiments, X(3) is V.
In some embodiments, X(3) is L. In some embodiments,
X(3) is P. In some embodiments, X(2) is G. In some
embodiments, X(2) is A. In some embodiments, X(2) is G.
In some embodiments, the antibody variable domain further
comprises one or more of SEQ ID NOS: 72 and 73. In some
embodiments, the relaxin polypeptide further comprises an
antibody sequence comprising one or more of SEQ ID NOS:
89 or 90. In some embodiments, the relaxin polypeptide
further comprises an antibody sequence comprising SEQ ID
NO: 92 (FQX(4)X(5)GYPFT), wherein X(4) is selected
from G, Y, F, W, P, L, V, and A; and X(5) is selected from
S, N, G, A, V, L, and P. In some embodiments X(4) is Y. In
some embodiments X(4) is F. In some embodiments X(4) is
W. In some embodiments X(4) is P. In some embodiments
X(4) is L. In some embodiments X(4) is V. In some
embodiments X(4) is A. In some embodiments, X(5) is S. In
some embodiments, X(5) is N. In some embodiments, X(5)
is G. In some embodiments, X(5) is A. In some embodi-
ments, X(5) is V. In some embodiments, X(5) is L. In some
embodiments, X(5) is P. In some embodiments, X(4) is Y
and X(5) is S. In some embodiments, X(4) is G and X(5) is
N. In some embodiments, the relaxin B chain comprises an
amino acid sequence of SEQ ID NO: 46. In some embodi-
ments, the relaxin A chain comprises an amino acid
sequence of SEQ ID NO: 47. In some embodiments, the
peptide linker comprises at least about 4 consecutive amino
acids comprising any combination of G and S amino acids.
In some embodiments, the connecting peptide comprises at
least about 4 consecutive amino acids comprising any com-
bination of G and S amino acids. In some embodiments, the
relaxin polypeptide further comprises an Fc region of an
antibody and the Fc region comprises one or more mutations
to reduce antibody-dependent cellular cytotoxicity. In some
embodiments, the Fc region comprises an amino acid
sequence at least about 90% identical to SEQ ID NO: 98.

Further provided herein are methods of treating cardio-
vascular disease in an individual in need thereof, comprising
administering an effective amount of a relaxin immuno-
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globulin fusion protein described herein to reduce at least
one symptom of the cardiovascular disease. In some
embodiments, the cardiovascular disease is selected from
one or more of the group consisting of acute heart failure,
congestive heart failure, compensated heart failure, decom-
pensated heart failure, acute decompensated heart failure,
right heart failure, left heart failure, global failure, ischemic
cardiomyopathy, dilated cardiomyopathy, heart failure asso-
ciated with congenital heart defects, heart failure associated
with heart valve defects, mitral stenosis, mitral insufficiency,
aortic stenosis, aortic insufficiency, tricuspid stenosis, tri-
cuspid insufficiency, pulmonary stenosis, pulmonary valve
insufficiency, heart failure associated with combined heart
valve defects, myocardial inflammation (myocarditis),
chronic myocarditis, acute myocarditis, viral myocarditis,
diabetic heart failure, alcoholic cardiomyopathy, heart fail-
ure associated with cardiac storage disorders, diastolic heart
failure, and systolic heart failure, fibrosis of the heart,
thromboembolic disorders, reperfusion damage following
ischemia, micro- and macrovascular lesions (vasculitis),
arterial and venous thromboses, edemas, ischemias, myo-
cardial infarction, stroke, transient ischemic attack, cardio
protection in connection with coronary artery bypass opera-
tions, cardio protection in connection with primary percu-
taneous transluminal coronary angioplasties (PTCAs),
PTCAs after thrombolysis, rescue PTCA, heart transplants
and open-heart operations, organ protection in connection
with transplants, bypass operations, catheter examinations
and other surgical procedures, metabolic syndrome, dys-
lipemia, diastolic dysfunction, familial hypercholesterol-
emia, isolated systolic hypertension, primary hypertension,
secondary hypertension, left ventricular hypertrophy, arte-
rial stiffness associated with long-term tobacco smoking,
arterial stiffness associated with obesity, arterial stiffness
associated with age, and hypercholesterolemia. In some
embodiments, cardiovascular disease is heart failure. In
some embodiments, the symptom is selected from one or
more of the group consisting of chest pain, shortness of
breath, pain, numbness, weakness, rapid pulse, slow pulse,
lightheadedness, dizziness, swelling of the limbs, and faint-
ing.

Also provided herein are methods of treating fibrosis in an
individual in need thereof, comprising administering an
effective amount of a relaxin immunoglobulin fusion protein
provided herein sufficient to reduce at least one symptom of
the fibrosis. In some embodiments, the fibrosis is selected
from one or more of the group consisting of pulmonary
fibrosis, idiopathic pulmonary fibrosis, cystic fibrosis, cir-
rhosis, endomyocardial fibrosis, myocardial infarction, atrial
fibrosis, mediastinal fibrosis, myelofibrosis, retroperitoneal
fibrosis, progressive massive fibrosis, nephrogenic systemic
fibrosis, Crohn’s disease, keloid, scleroderma/systemic scle-
rosis, arthrofibrosis, Peyronie’s disease, Dupuytren’s con-
tracture, and adhesive capsulitis. Also provided herein are
methods of treating acute heart failure, acute coronary
syndrome with cardiac dysfunction, ischemia reperfusion
associated with solid organ transplantation, cardiopulmo-
nary bypass, ischemic stroke, preeclampsia, diffuse sclero-
derma, chronic heart failure, diabetic nephropathy, cirrhosis,
portal hypertension, atrial fibrillation, cardiac fibrosis, dia-
betic wound healing, or a combination thereof, comprising
administering an effective amount of a relaxin immuno-
globulin fusion protein provided herein.

Also provided herein, are genetic constructs comprising a
polynucleotide encoding a relaxin immunoglobulin fusion
protein provided herein. Further provided herein are expres-
sion vector comprising the genetic constructs disclosed
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herein. Further provided herein are mammalian expression
hosts comprising the expression vectors disclosed herein.
Further provided herein are methods of producing a relaxin
immunoglobulin fusion protein comprising: transfecting the
expression vector into a mammalian cell culture; growing
the cell culture in an expression medium at a controlled
temperature and percentage CO2; and harvesting the
secreted immunoglobulin fusion protein.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of the disclosure, will be better understood when
read in conjunction with the appended figures. It should be
understood, however, that the disclosure is not limited to the
precise examples shown. It is emphasized that, according to
common practice, the various features of the drawings are
not to-scale. On the contrary, the dimensions of the various
features are arbitrarily expanded or reduced for clarity.
Included in the drawings are the following figures.

FIG. 1A, FIG. 1B, and FIG. 1C show SDS-PAGE gels of
purified palivizumab-relaxin fusion proteins.

FIG. 2A, FIG. 2B, and FIG. 2C depict graphs of the
activities of palivizumab-relaxin fusion proteins.

FIG. 3A and FIG. 3B depict graphs of palivizumab-
relaxin fusion protein/RSV-epitope binding assay.

FIG. 4 shows binding of palivizumab-relaxin fusion pro-
teins to RSV.

FIG. 5A, FIG. 5B, FIG. 5C, FIG. 5D, FIG. 5E, and FIG.
5F show SDS-PAGE gels of purified palivizumab-relaxin
fusion proteins.

FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E, and FIG.
6F show graphs of the activities of palivizumab-relaxin
fusion proteins.

FIG. 7A and FIG. 7B show graphs of the activities of
palivizumab-relaxin fusion proteins.

FIG. 8A and FIG. 8B show protein characterization of
palivizumab-relaxin fusion protein RLX303.

FIG. 9A, FIG. 9B, and FIG. 9C show serum stability of
relaxin-2 peptide and palivizumab-relaxin fusion proteins
RLX302 and RLX303.

FIG. 10 shows mouse pharmacokinetic analysis of pal-
ivizumab-relaxin fusion proteins.

FIG. 11A and FIG. 11B show rat pharmacokinetic analy-
sis of palivizumab-relaxin fusion proteins.

FIG. 12A and FIG. 12B show pharmacodynamics analy-
sis of palivizumab-relaxin fusion proteins.

DETAILED DESCRIPTION OF THE
INVENTION

Relaxin amino-terminal palivizumab fusions with
reduced binding to respiratory syncytial virus (RSV) pro-
teins which have a relaxin peptide fused to the amino-
terminus of a palivizumab heavy chain polypeptide are
useful in treating diseases responsive to relaxin peptide.
Reducing binding to RSV proteins is achieved by mutating
amino acid residues in the CDR portions of the palivizumab
amino acid sequence. Further therapeutic value is obtained
by reducing ADCC elicited by the palivizumab by mutating
amino acid residues in the Fc portion of the palivizumab
amino acid sequence.

Disclosed herein are amino-terminal immunoglobulin
fusion proteins comprising a relaxin peptide, and methods of
use for the treatment of a disease or condition responsive to
a relaxin peptide. According to one feature of the subject
matter described herein, an amino-terminal immunoglobulin
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fusion protein comprises (a) a first immunoglobulin region;
and (b) a relaxin peptide connected to the amino terminus of
the first immunoglobulin region with a connecting peptide.
The first immunoglobulin region may be part of an immu-
noglobulin heavy chain, and the immunoglobulin fusion
protein further comprises a second immunoglobulin region
of an immunoglobulin light chain. As used herein, an
immunoglobulin region may include a variable domain such
that the relaxin peptide is connected to the amino-terminus
of'a variable domain of the immunoglobulin region. The first
and/or second immunoglobulin region may comprise part of
an antibody variable domain that does not form a binding
site specific for a human antigen. In some cases, the antibody
variable domain is a palivizumab variable domain, or a
variable domain modified from a palivizumab variable
domain. The variable domain may be modified from palivi-
zumab to attenuate or eliminate RSV binding.

Exemplary amino-terminal immunoglobulin fusion pro-
teins are depicted in Formulas I-XXXII, wherein T is a
therapeutic peptide or a portion of a therapeutic peptide, C
is a connecting peptide, A is an immunoglobulin region, P is
a protease site, L is a linker, and 1 is an internal linker. The
therapeutic peptide may be a relaxin peptide comprising one
or a combination of relaxin B chain, relaxin A chain, and
C-peptide or linker peptide.

Formula Immunoglobulin fusion protein
I TLA!

i TLC-A!

111 TL-C-PLA!

v TLpLC-A!

\% TLLLLL2-T2-AY

VI TLLL-L2-T2-C-A!

VI TLLAT2L2-T3AL

VIII TLLLT2L2T3-C-A!

X TLPLIPZT2-A!

X TLPLI-P2-T2-C-A!

XI TLpLT2-p2T3Al

XII TLPLT2-P2T3.C-A!
XIIT TLPLLLLL2-P2T2-Al
XIV TLPLLL L2 P2T2-C-Al
XV TLpLLlT2.12.p2T3-Al
XVI TLPLLLT212-P2-T3-C-A!
XVII TLLLPLT2-A!

XVIII TLplLlT2Al

XIX TLpLLLT2.C-At

XX TLPLIP2P3T2-Al
XXI TLPLIP2P3-T2-Al
XXII TLPLLET2AL

XXIIT TLPLET2-C-AL

XXIV TLPLL-P2-P3.T2-A!
XXV TL-PLL-P2-P3-T2-C-A!
XXVI TLpLl2-p2p3T3 AL
XXVII TLpLT2-p2p3T3.C-Al
XXVIII TLL-T2-A!

XXIX TLL-T2-C-A!

XXX TLI-T2-Al

XXXI TLI-T?-C-A!

XXXII TLP-T2-C-A!

Further disclosed herein are methods of treating a disease
or condition in a subject in need thereof. Generally, the
method comprises administering to the subject an amino-
terminal immunoglobulin fusion protein comprising a thera-
peutic peptide such as a relaxin peptide attached to the
amino terminus of an immunoglobulin region. In some
embodiments, an immunoglobulin fusion protein having the
formula of T, 11, 111, IV, V, VI, VII, VIII, IX, X, XI, XII, XIII,
X1V, XV, XVI, XVII, XVIII, XIX, XX, XXI, XXII, XXI1I,
XXIV, XXV, XX VI, XXVII, XXVIII, XXIX, XXX, XXXI,
XXXII, or any modification, portions, or additions thereof is
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administered to a patient. In some embodiments, one or
more of the immunoglobulin fusion proteins I, 11, IIL, IV, V,
VI, VII, VIII, IX, X, XI, XII, XIII, XTIV, XV, XVI, XVI]I,
XVIII, XIX, XX, XXI, XXII, XXIII, XXIV, XXV, XXVI,
XXVII, XXVIII, XXIX, XXX, XXXI, or XXXII, further
comprising a second immunoglobulin region, is adminis-
tered to a patient.

Further disclosed herein are methods of improving the
delivery of a therapeutic peptide. The methods may involve
generation of an amino-terminal immunoglobulin fusion
protein from a genetic construct. In some embodiments, the
immunoglobulin fusion protein is recombinantly produced
from a genetic construct encoding the immunoglobulin
fusion protein. In some embodiments, the construct is
expressed in vitro using standard mammalian cell culture
techniques. In some embodiments, one construct encoding a
therapeutic peptide connected to the amino-terminus of a
first immunoglobulin region is co-expressed with a second
construct comprising a second immunoglobulin region, to
produce a recombinant immunoglobulin fusion protein. In
some embodiments, a construct encoding a protease is
co-expressed with an immunoglobulin fusion protein. The
method may further comprise generating immunoglobulin
genetic fusion constructs comprising one or more connect-
ing peptides, internal linkers, linkers, and/or proteolytic
cleavage sites.

Before the present methods and compositions are
described, it is to be understood that this disclosure is not
limited to a particular method or composition described, and
as such may vary. It is also to be understood that the
terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to be
limiting. Examples are put forth so as to provide those of
ordinary skill in the art with a disclosure and description of
how to make and use the immunoglobulin fusion proteins
provided herein, and are not intended to limit the scope of
what the inventors regard as their invention nor are they
intended to represent that the provided experiments encom-
pass all of the experiments performed. Efforts have been
made to ensure accuracy with respect to numbers used but
some experimental errors and deviations should be
accounted for.

Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limits of that range is also specifically
disclosed. Each smaller range between any stated value or
intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed within
the invention. The upper and lower limits of these smaller
ranges may independently be included or excluded in the
range, and each range where either, neither or both limits are
included in the smaller ranges is also encompassed within
the invention, subject to any specifically excluded limit in
the stated range. Where the stated range includes one or both
of the limits, ranges excluding either or both of those
included limits are also included in the invention.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. All publications mentioned herein are
incorporated herein by reference to disclose and describe the
methods and/or materials in connection with which the
publications are cited. It is understood that the present
disclosure supersedes any disclosure of an incorporated
publication to the extent there is a contradiction.
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As will be apparent to those of skill in the art upon reading
this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and
features which may be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
invention. Any recited method can be carried out in the order
of events recited or in any other order which is logically
possible. Any recited combination of amino acid sequences
can have the order recited, or any other order which is
logically possible. As a non-limiting example, an immuno-
globulin fusion protein comprising an insulin therapeutic
peptide, T, and an immunoglobulin region, A, includes, for
example and without limitation: T-A, A-T, T-A-T, and A-T-
A.

It must be noted that as used herein and in the appended
claims, the singular forms “a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a cell” includes a plurality of such
cells and reference to “the peptide” includes reference to one
or more peptides and equivalents thereof, e.g. polypeptides,
known to those skilled in the art, and so forth.

The terms ‘“homologous,” “homology,” or “percent
homology” when used herein to describe to an amino acid
sequence or a nucleic acid sequence, relative to a reference
sequence, can be determined using the formula described by
Karlin and Altschul (Proc. Natl. Acad. Sci. USA 87: 2264-
2268, 1990, modified as in Proc. Natl. Acad. Sci. USA
90:5873-5877, 1993). Such a formula is incorporated into
the basic local alignment search tool (BLAST) programs of
Altschul et al. (J. Mol. Biol. 215: 403-410, 1990). Percent
homology of sequences can be determined using the most
recent version of BLAST, as of the filing date of this
application.

Relaxin Immunoglobulin Fusion Proteins

Various insulin immunoglobulin fusion proteins disclosed
herein comprise a first immunoglobulin region and a relaxin
therapeutic peptide, wherein the relaxin therapeutic peptide,
or an amino acid sequence thereof, is connected to an amino
terminus of the first immunoglobulin region. In various
instances, the insulin immunoglobulin fusion proteins fur-
ther comprise a second immunoglobulin region. The immu-
noglobulin region (first and/or second) may be any portion,
in part or whole, of an immunoglobulin.

The immunoglobulin region may comprise an entire
immunoglobulin molecule or any polypeptide comprising a
fragment of an immunoglobulin including, but not limited
to, heavy chain, light chain, variable domain, constant
domain, complementarity determining region (CDR),
framework region, fragment antigen binding (Fab) region,
Fab', F(ab")2, F(ab")3, Fab', fragment crystallizable (Fc)
region, single chain variable fragment (scFV), di-scFv,
single domain immunoglobulin, trifunctional immunoglobu-
lin, chemically linked F(ab")2, and any portion or combina-
tion thereof. In some embodiments, an immunoglobulin
heavy chain may comprise an entire heavy chain or a portion
of a heavy chain. For example, a variable domain or region
thereof derived from a heavy chain may be referred to as a
heavy chain or a region of a heavy chain. In some embodi-
ments, an immunoglobulin light chain may comprise an
entire light chain or a portion of a light chain. For example,
a variable domain or region thereof derived from a light
chain may be referred to as a light chain or a region of a light
chain. The immunoglobulin region may be bispecific or
trispecific. A single domain immunoglobulin includes, but is
not limited to, a single monomeric variable immunoglobulin
domain. The single domain immunoglobulin may be a shark
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variable new antigen receptor immunoglobulin fragment
(VNAR). The immunoglobulin may be derived from any
type known to one of skill in the art including, but not
limited to, IgA, IgD, IgE, IgG, IgM, IgY, IgW. The immu-
noglobulin region may be a glycoprotein. The immuno-
globulin region may comprise one or more functional units,
including but not limited to, 1, 2, 3, 4, and 5 units. The
immunoglobulin region may comprise one or more units
connected by one or more disulfide bonds. The immuno-
globulin region may comprise one or more units connected
by a peptide linker, for example, a scFv immunoglobulin.
The immunoglobulin may be a recombinant immunoglobu-
lin including immunoglobulins with amino acid mutations,
substitutions, and/or deletions. The immunoglobulin may be
a recombinant immunoglobulin comprising chemical modi-
fications. The immunoglobulin may comprise a whole or
part of an immunoglobulin-drug conjugate. The immuno-
globulin may comprise a small molecule. The immuno-
globulin may comprise a whole or part of an immunoglobu-
lin-drug conjugate comprising a small molecule. The
immunoglobulin may be from a mammalian source. The
immunoglobulin may be a chimeric immunoglobulin. The
immunoglobulin region may be derived in whole or in part
from an engineered immunoglobulin or recombinant immu-
noglobulin. The immunoglobulin may be from a humanized,
human engineered or fully human immunoglobulin. The
mammalian immunoglobulin may be a bovine immuno-
globulin. The mammalian immunoglobulin may be a human
immunoglobulin. The mammalian immunoglobulin may be
a murine immunoglobulin. The mammalian immunoglobu-
lin may be a non-human primate immunoglobulin. The
immunoglobulin may be an avian immunoglobulin. The
immunoglobulin may be a shark immunoglobulin.

The immunoglobulin heavy chain fusion may comprise
an amino acid sequence that is based on or derived from any
one of SEQ ID NOs: 13-16, 20-22. The immunoglobulin
heavy chain fusion may comprise an amino acid sequence
that is at least about 50% homologous to any one of SEQ ID
NOs: 13-16, 20-22. The immunoglobulin heavy chain fusion
may comprise an amino acid sequence that is at least about
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 97%
homologous to any one of SEQ ID NOs: 13-16, 20-22. The
immunoglobulin heavy chain fusion may comprise an amino
acid sequence that is at least about 70% homologous to any
one of SEQ ID NOs: 13-16, 20-22. The immunoglobulin
heavy chain fusion may comprise an amino acid sequence
that is at least about 80% homologous to any one of SEQ ID
NOs: 13-16, 20-22. The immunoglobulin heavy chain fusion
may comprise an amino acid sequence that is at least about
50% identical to any one of SEQ ID NOs: 13-16, 20-22. The
immunoglobulin heavy chain fusion may comprise an amino
acid sequence that is at least about 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, or 97% identical to any one of SEQ
ID NOs: 13-16, 20-22. The immunoglobulin heavy chain
fusion may comprise an amino acid sequence that is at least
about 70% identical to any one of SEQ ID NOs: 13-16,
20-22. The immunoglobulin heavy chain fusion may com-
prise an amino acid sequence that is at least about 80%
identical to any one of SEQ ID NOs: 13-16, 20-22. The
immunoglobulin heavy chain fusion may comprise an amino
acid sequence that is 100% identical to any one of SEQ ID
NOs: 13-16, 20-22. The immunoglobulin light chain may
comprise an amino acid sequence that is based on or derived
from any one of SEQ ID NOs: 9-12. The immunoglobulin
light chain may comprise an amino acid sequence that is at
least about 50% homologous to any one of SEQ ID NOs:
9-12. The immunoglobulin light chain may comprise an
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amino acid sequence that is at least about 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, or 97% homologous to any one
of SEQ ID NOs: 9-12. The immunoglobulin light chain may
comprise an amino acid sequence that is at least about 70%
homologous to any one of SEQ ID NOs: 9-12. The immu-
noglobulin light chain may comprise an amino acid
sequence that is at least about 80% homologous to any one
of SEQ ID NOs: 9-12. The immunoglobulin light chain may
comprise an amino acid sequence that is at least about 50%
identical to any one of SEQ ID NOs: 9-12. The immuno-
globulin light chain may comprise an amino acid sequence
that is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, or 97% identical to any one of SEQ ID NOs: 9-12. The
immunoglobulin light chain may comprise an amino acid
sequence that is at least about 70% identical to any one of
SEQ ID NOs: 9-12. The immunoglobulin light chain may
comprise an amino acid sequence that is at least about 80%
identical to any one of SEQ ID NOs: 9-12. The immuno-
globulin light chain may comprise an amino acid sequence
that is 100% identical to any one of SEQ ID NOs: 9-12.
The immunoglobulin heavy chain fusion may comprise
an amino acid sequence that is based on or derived from
SEQ ID NO: 22. The immunoglobulin heavy chain fusion
may comprise an amino acid sequence that is at least about
50% homologous to SEQ ID NO: 22. The immunoglobulin
heavy chain fusion may comprise an amino acid sequence
that is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, or 97% homologous to SEQ ID NO: 22. The immu-
noglobulin heavy chain fusion may comprise an amino acid
sequence that is at least about 70% homologous to SEQ ID
NO: 22. The immunoglobulin heavy chain fusion may
comprise an amino acid sequence that is at least about 80%
homologous to SEQ ID NO: 22. The immunoglobulin heavy
chain fusion may comprise an amino acid sequence that is at
least about 50% identical to SEQ ID NO: 22. The immu-
noglobulin heavy chain fusion may comprise an amino acid
sequence that is at least about 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 97% identical to SEQ ID NO: 22. The
immunoglobulin heavy chain fusion may comprise an amino
acid sequence that is at least about 70% identical to SEQ ID
NO: 22. The immunoglobulin heavy chain fusion may
comprise an amino acid sequence that is at least about 80%
identical to SEQ ID NO: 22. The immunoglobulin heavy
chain fusion may comprise an amino acid sequence that is
100% identical to SEQ ID NO: 22. The immunoglobulin
light chain may comprise an amino acid sequence that is
based on or derived from SEQ ID NO: 12. The immuno-
globulin light chain may comprise an amino acid sequence
that is at least about 50% homologous to SEQ ID NO: 12.
The immunoglobulin light chain may comprise an amino
acid sequence that is at least about 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, or 97% homologous to SEQ ID NO:
12. The immunoglobulin light chain may comprise an amino
acid sequence that is at least about 70% homologous to SEQ
ID NO: 12. The immunoglobulin light chain may comprise
an amino acid sequence that is at least about 80% homolo-
gous to SEQ ID NO: 12. The immunoglobulin light chain
may comprise an amino acid sequence that is at least about
50% identical to SEQ ID NO: 12. The immunoglobulin light
chain may comprise an amino acid sequence that is at least
about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 97%
identical to SEQ ID NO: 12. The immunoglobulin light
chain may comprise an amino acid sequence that is at least
about 70% identical to SEQ ID NO: 12. The immunoglobu-
lin light chain may comprise an amino acid sequence that is
at least about 80% identical to SEQ ID NO: 12. The
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immunoglobulin light chain may comprise an amino acid
sequence that is 100% identical to SEQ ID NO: 12.

The immunoglobulin heavy chain fusion may comprise
an amino acid sequence comprising 10, 20, 30, 40, 50, 60,
70, 80, 90, 100 or more amino acids based on or derived
from any one of SEQ ID NOs: 13-16, 20-22. The immuno-
globulin heavy chain fusion may comprise an amino acid
sequence comprising 125, 150, 175, 200, 225, 250, 275, 300,
325, 350, 375, 400, 425, 450, 475, 450, 500 or more amino
acids based on or derived from any one of SEQ ID NOs:
13-16, 20-22. The immunoglobulin heavy chain fusion may
comprise an amino acid sequence comprising 10 or more
amino acids based on or derived from any one of SEQ ID
NOs: 13-16, 20-22. The immunoglobulin heavy chain fusion
may comprise an amino acid sequence comprising 50 or
more amino acids based on or derived from any one of SEQ
ID NOs: 13-16, 20-22. The immunoglobulin heavy chain
fusion may comprise an amino acid sequence comprising
100 or more amino acids based on or derived from any one
of SEQ ID NOs: 13-16, 20-22. The immunoglobulin heavy
chain fusion may comprise an amino acid sequence com-
prising 200 or 